Room-temperature ionic liquids (RTILs) have attracted much attention as a new generation of functional solvents. Chemical modifications to the cation and anion exchange enable us to control the physicochemical properties of RTILs. 1 To study the relationship between the chemical structure and the phase transition behavior, researchers analyzed crystal structures, and found valuable information on interionic interactions and conformational features of their salts. [2] [3] [4] Focusing on imidazolium(Im)-based salts, we had previously designed 4,5dihalo-1,3-dialkylimidazolium bromide, 5 iodide 6 and trifluoromethanesulfonate 7 to investigate the effect of halogen bonding (XB) 8 on their crystal structures and phase-transition behaviors. The hexafluorophosphate (PF6) anion is a highly symmetric octahedron and a representative anion for ionic liquids. The hydrogen-bonding (HB) features of its Im-based salts have been established. 4 In this paper, we report on the synthesis and crystal structure analysis of 4,5-diiodo-3-methyl-1-propylimidazolium PF6 (1) and discuss its C-I·F-P XB features.
Room-temperature ionic liquids (RTILs) have attracted much attention as a new generation of functional solvents. Chemical modifications to the cation and anion exchange enable us to control the physicochemical properties of RTILs. 1 To study the relationship between the chemical structure and the phase transition behavior, researchers analyzed crystal structures, and found valuable information on interionic interactions and conformational features of their salts. [2] [3] [4] Focusing on imidazolium(Im)-based salts, we had previously designed 4,5dihalo-1,3-dialkylimidazolium bromide, 5 iodide 6 and trifluoromethanesulfonate 7 to investigate the effect of halogen bonding (XB) 8 on their crystal structures and phase-transition behaviors. The hexafluorophosphate (PF6) anion is a highly symmetric octahedron and a representative anion for ionic liquids. The hydrogen-bonding (HB) features of its Im-based salts have been established. 4 In this paper, we report on the synthesis and crystal structure analysis of 4,5-diiodo-3-methyl-1-propylimidazolium PF6 (1) and discuss its C-I·F-P XB features.
A precursor of 1, 4,5-diiodo-3-methyl-3-propylimidazolium ptoluenesulfonate, was obtained from reacting 4,5-diiodo-1methylimidaole 7 (2.0 g, 6.0 mmol) and propyl p-toluenesulfonate (1.4 g, 6.6 mmol) in acetonitrile at 80˚C for 3 days. After recrystallization from a mixed DMF/ethylacetate (2:1) system, we obtained the salt in 43% yield. 1 An aqueous solution of NaPF6 (0.23 g, 1.4 mmol) was added dropwise to a stirring aqueous solution of the precursor (0.5 g, 0.91 mmol) at 60˚C. A white powder was immediately precipitated, and the suspension was stirred for 1 h. The precipitation was collected and washed by water and recrystallized from ethanol. After drying under 1 Torr at 40˚C for 3 days, we obatined 1 as a colorless crystal in 83.3% yeild. 1 
The crystal and refinement data are given in Table 1 . Nonhydrogen atoms were refined anisotropically. The hydrogen atom positions were calculated and included in the calculation using the riding atom model.
The diffraction data of 1 collected at -100˚C indicate an ordered structure. Figure 2 shows an asymmetric unit of the crystal 1. The C1-N1-C5-C6 torsion angle is 96.1(5)˚,
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Interionic interactions in a crystal of 4,5-diiodo-3-methyl-1-propylimidazolium hexafluorophosphate were investigated. This salt crystallizes in the monoclinic system, space group P21/c with cell parameters of a = 11.5373 (6) indicating that the C6 carbon deviates from the Im plane. The N1-C5-C6-C7 torsion angle is 177.4(4)˚, indicating an anti conformation. This conformational feature has generally been observed in crystals of 1,3-dialkylimidazolium salts. [2] [3] [4] We used Bondi's van der Waals radii 9 to investigate interionic interactions. Table 2 summarizes selected cation-anion contacts in crystal 1, and shows that PF6 anions strongly interact with the hydrogen atoms at the 2-position of the Im ring and with two iodine atoms at the 4-and 5-positions. Two PF6 anions at the symmetry positions (x, y, z) and (1-x, -1/2+y, 1/2-z) strongly approach the 2-position of the Im ring, indicating that the positive charge is mainly located on the 2-position.
The I1·F2 i (symmetry operation: i) 1+x, y, z) distance is shorter than the sum of their atomic radii (3.45 Å), and the C2-I1·F2 i angle shows strong linearity. The strong Lewis acidity of the iodine atom is attributed to an electron-withdrawing effect of the Im ring. In contrast, the I2 atom makes a bifurcated contact with F1 ii and F6 ii (symmetry operation: ii) 1+x, 1/2-y, 1/2+z), but both the C-I·F angles show poor linearity. The C3-I2·P1 ii angle, 166.16(11)˚, is more linear than the C3-I2·F1 ii and C3-I2·F6 ii angles.
This F·I·F bifurcated contact and the approximate 109˚ of the H/I·F-P angles indicate that the F atom in the PF6 anion has a tetrahedral electron-donating geometry.
As shown in Fig. 3 , we can see that the XB and HB ring structure consists of three ion pairs in this crystal. The space inside the ring is filled with propyl groups. This honeycomblike ring structure is also found in crystals of 1-propyl-and 1butyl-4,5-dibromo-3-methylimidazolium bromides, as previously reported by us; 5 although they form a planar cation structure and flat-sheet packing. Octahedral PF6 and monatomic bromide anions show similar interacting geometry, but the larger PF6 anion restricts the formation of flat-sheet packing, as we reported previously on concerning 1-butyl-4,5-dibromo-3-methylimidazolium iodide. 6 From the results of thermogravimetry and differential thermal analysis (TG-DTA), the crystal 1 melts at 212˚C, and thermal decomposition occurs at the same temperature. A 10% weight loss is found at 260˚C. It has been reported that 1-methyl-3propylimidazolium PF6 melts at 40˚C. 10 The iodine substituents on the 4-and 5-positions of the Im ring elevate the melting point due to an increase in the molecular weight and the formation of XBs.
In conclusion, we analyzed the crystal structure of 4,5-diiodo-3-methyl-1-propylimidazolium PF6. A strong and linear C-I·F XB was found in this crystal. The C-I·F XB, C-H·F HB and C·F electrostatic interacted networks provide honeycomb-like ring structures. 
